Background/Aims: Recent evidence has shown that some long non-coding RNAs (lncRNAs) play important roles in various biological processes. However, the regulatory mechanism of lncRNA in gastric cancer (GC) remains unclear. Methods: We reannotated the GC gene expression profile into a lncRNA-mRNA biphasic profile and integrated the microRNA target data to construct a global GC triple network. A further clustering and random walk with restart analyses was performed on the triple network from the level of topology analyses. Quantitative real-time PCR was used to determine expression of lncRNA RP11-363E7.4. Kaplan-Meier analyses was performed to evaluate the prognostic value of lncRNA RP11-363E7.4. Results: We constructed a gastric cancer lncRNA-miRNA-mRNA network (GCLMN) including six lncRNAs, 332 mRNAs, and 3,707 edges. For the shared lncRNA RP11-363E7.4, the interacting gene and microRNA functional enrichment studies implied that lncRNA RP11-363E7.4 might function as a new regulator in GC. The expression of lncRNA RP11-363E7.4 was downregulated compared with that of paracarcinoma tissues in five GC samples. High expression of lncRNA RP11-363E7.4 was found to be correlated to better overall survival (OS) for GC patients. Conclusions: This study focused on GC lncRNA-miRNA-mRNA regulatory networks, and found that lncRNA RP11-363E7.4 was a new GC risk lncRNA, which might provide novel insight into a better understanding of the pathogenesis of GC.
Haiquan Qiao a the probes that uniquely matched to protein coding transcripts or lncRNA transcripts; (2) reserve probes that matched to only one transcript in probe-transcript pairs; (3) reserve transcripts that perfectly matched to more than three probes [28] .
Identification of the differential expression gene with SAM
The significance analyses of microarrays (SAM) is one of the most frequently utilized methods for gene expression data analyses [29] . The SAM identifies genes with statistically significant changes in expression by combining the gene-specific t-test with a statistical d value. In this study, we applied SAM to discover differentially expressed genes in 27 samples. A d value of < 0.01 was considered statistically significant.
The mRNA and lncRNA targeted miRNA extractions Starbase V2.0 (http://starbase.sysu.edu.cn/) is a powerful dataset tool used to clarify the regulatory interaction networks among miRNAs, lncRNAs, pseudogenes, circular (circ) RNAs, and ceRNAs from 108 CLIP-Seq (PAR-CLIP, HITS-CLIP, iCLIP, and CLASH) data sets [30] . In this study, the miRNA-mRNA interactions and miRNA-lncRNA interactions were obtained from this database. We identified 423, 975 miRNA-mRNA interaction pairs, including 13, 805 mRNAs, 386 miRNAs, and 10, 212 miRNA-lncRNA interaction pairs (including 1, 127 lncRNAs and 277 miRNAs).
Hypergeometric test to identify lncRNA-mRNA interactions
In this study, the GCLMN was constructed by using the hypergeometric test as follows: where T was the total counts of human miRNA; t designated the number of miRNA interacting with the mRNA; N denoted the number of miRNA interacting with the lncRNA; and r represented the number of miRNA shared by the mRNA and lncRNA. A p value of < 0.01 was considered statistically significant.
RWR to prioritize GC related lncRNAs
To prioritize GC-related lncRNAs, we performed RWR algorithm analyses with GCLMN [31, 32] . This method simulates a walker that randomly moves from the current node to neighboring nodes with a probability (r) in the walk [32] . It was described as follows: P t+1 = (1 − r) WP t + rP 0 where P t was a vector in which the ith element holds the probability of discovering the random walker at node i at step t. P 0 was the initial probability vector. W represented the column normalized adjacency matrix of the network, and r was the restart probability of the random walk at every step at the source nodes. When the difference between P t and P t+1 fell below a given cutoff value, the update procedure was finished, and P t+1 was the output value of the RWR algorithm. In this study, by retrieving relevant previous reports through the keywords "gastric cancer and RNA," we finally selected four cancer-related protein coding genes, which have been tested by different kinds of experiments. These four genes ("NOV," "KIT," "SP1," and "CLOCK") were considered as seeds in the RWR model [33] [34] [35] [36] . The initial probability P 0 of each seed mRNA was set as 1/n (where n is the number of seed mRNAs), while other non-seed mRNAs were set as 0. The r was set to 0.5. The stable probability P∞ of each non-seed mRNA could be obtained when the difference between P t and P t+1 was less than 10 −10
. All candidate lncRNAs could be sorted based on P∞, and lncRNAs with high scores were considered as the most potentially disease-related lncRNAs. The statistical significance was determined by comparing the scores of the lncRNAs in the network following 3, 000 iterations of the known GC-related gene shufflings, while keeping the network topological properties consistent [28] . The rank proportion of the score gained from the actual network for each lncRNA in the 3, 000 iterations is listed as a statistical significant p value. Topological features of the GCLMN The topological structure of the network was further analyzed based on the degree of the node, betweenness, and closeness. For a given graph, G = (V, E), V and E, respectively, represented a set of nodes and edges. The degree (D) is generally used to reflect the basic topological property in the network and represents the number that edges directly link to the node V. In our study, K was the number of edges linked to node V. It was described as follows: D (v) = K Betweenness centrality (BC) is one of the most effective approaches to evaluate the importance of one node in the network. The higher the betweenness, the more important the node exerted close connectivity in the network. It was defined as:
where d sf represented the shortest path from node s to node f, and d sf (v) was the node count(v) from node s to node f.
Closeness (C) represented the average distance from one node to all other nodes in the network, and it reflected the extent from one node to the "network centrality." The specific calculating formula is as follows:
where d(j, v) denoted the shortest distance from j to v, and n represented the number of nodes of the network.
Functional enrichment analyses
To realize the enrichment analyses of candidate feature genes, GO and KEGG analyses were performed using DAVID, which provide a comprehensive set of functional annotation tools for investigators to understand biological meaning behind large list of genes [37] . In this study, p < 0.05 was considered statistically significant.
Patients and specimens
The GC samples and corresponding non-cancerous specimens were obtained from five patients who underwent surgery at the First Affiliated Hospital of Harbin Medical University, from February to April in 2017. These patients were separate from the GSE set and were used as a validation cohort. All participants received no other therapies before surgery and provided written informed consent before sample collection. The present study protocol was approved by the Human Research Ethics Committee of the hospital. All GC samples were diagnosed by two individual pathologists based on the World Health Organization classification system. All samples were preserved in liquid nitrogen and then stored at -80°C until use.
RNA isolation and quantitative RT-PCR
Total RNA was extracted from 10 samples (five GC tissues and five matched-adjacent tissues) using TRIzol ™ reagent (Tiangen, Beijing, China) according to the manufacturer's instructions. The RNA quantity and quality were confirmed with a NanoDrop ND-2000 spectrophotometer (ThermoFisher, Scotts Valley, CA, USA). RNA integrity was assessed by using standard denatured agarose gel electrophoresis.
Reverse transcription reactions were performed using the PrimeScript ™ RT Reagent kit (Takara, Mountain View, CA, USA). The quantitative real time PCR analyses was carried out on the Applied Biosystems (Carlsbad, CA, USA) 7500 Real-Time PCR System by using the SYBR ® Green Premix Ex Taq II (TaKaRa, Tokyo, Japan), and 18srRNA as the internal control. The relative expression level was determined with the 2 −ΔΔct method [38] . Each sample was performed in triplicate. The primer sequences for qRT-PCR in our study were as follows: RP11-363E7.4 forward, 5′-CGACCACCTATTCCACTT-3′; RP11-363E7.4 reverse, 5′-GCCAGGAAGGCTCAAATC-3′; 18srRNA forward, 5′-GTAACCCGTTGAACCCCATT-3′; and 18srRNA reverse, 5′-CCATCCAATCGGTAGTAGCG -3′. 
Kaplan-Meier analyses
The Kaplan-Meier plotter analyses is a useful online database containing useful clinical information to predict the OS of four common cancers [39] . The prognostic value of LncRNA RP11-363E7.4 (227306_ at) was performed in GC patients, breast cancer patitents and lung cancer patients by using Kaplan-Meier Plotter (http://kmplot.com/analyses/) [39] . The hazard ratio (HR) and log rank p value were determined and displayed on the webpage.
Statistical analyses
All data are expressed as mean ± SD and analyzed using GraphPad Prism 5.0 (San Diego California USA). The two-tailed Student's t-test was used to compare two different groups. A value of p < 0.05 was considered statistically significant.
Results

Identification of GC associated mRNAs and lncRNAs
In the present study, we used a method to simultaneously reannotate lncRNA and mRNA expression. First, we downloaded GSE19826 from the Gene Expression Omnibus (GEO) database, which included 12 matched samples of GC and three nonadjacent normal mucosal tissues. Then, we used BLASTn tools for sequence alignments between annotated probe sequences and human long noncoding transcript sequences and protein coding transcript sequences. Using the filtration set, we eventually identified 139, 180 mRNA probes and 38, 009 lncRNA probes.
To identify differentially expressed lncRNAs and mRNAs, we calculated the 12 matched samples and three normal samples with significance analyses of microarrays (SAM) tests (see the Methods section) after gene expression profile reannotation. In this step, we considered a value of p < 0.05 to be statistically significant. Finally, there were 1, 577 differentially expressed mRNAs and 141 differentially expressed lncRNAs, which were defined as key GC related mRNAs and lncRNAs.
Construction of the lncRNA-mRNA regulatory network
In this study, our first goal was to establish a ln- cRNA-mRNA association network. We collected 423, 975 miRNA-mRNA interactions using starBase V2.0. Because miRNAs could interact with lncRNAs, we searched starBase V2.0 for lncRNA-miRNA interactions and finally identified 10, 212 miRNA-lncRNA interaction pairs. Then, these two sets of data were merged to build a lncRNA-miRNA-mRNA network. The nodes in the network were miRNAs, mRNAs, and lncRNAs. The edges in the network represented interactions between these RNAs (Fig. 1) . Next, we mapped 1, 577 GC-associated differentially expressed mRNAs and 141 GCassociated differentially expressed lncRNAs into the network to identify the GC-related lncRNAs. We extracted these key lncRNAs and their associated miRNAs in the network, and performed hypergeometric statistical tests to evaluate the number of shared miRNAs between the lncRNA and mRNA pairs. Finally, we constructed a GCLMN, which consisted of six lncRNAs, 332 mRNAs, and 3, 707 edges ( Fig. 2A, Fig. 3-6 ).
Topological analyses of the GC related lncRNA-mRNA network
The topological properties of the molecule network included degree, betweenness, and closeness. Therefore, we analyzed these common topological measurements to reveal the characteristics of the GCLMN. Based on the degree, we produced two charts. The degree distribution of mRNA and lncRNA are shown in Fig. 2B and 2C. Moreover, we list the top ten significant genes with high topological features in Table 1 . Interestingly, two lncRNAs (RP11-363E7.4 and RP11-834C11.4) and three mRNAs (SLC16A10, SMCR8, and ZNF626) were selected in each dimension (Fig. 2D) .
To investigate the functions of these two lncRNAs in GC, gene ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed by using their first mRNA neighbors in the GCLMN. The results of GO and KEGG pathway analyses revealed 16 GO terms and two pathways enriched in lncRNA RP11-363E7. 4 . The results of the GO biological 
These biological processes and pathways have been reported as highly associated with GC pathogenesis. MAPK signaling pathways play an essential role in regulating cell proliferation and metastasis in GC. Cui et al. found that the expressions of proteins in the MAPK pathway, such as phosphoMEK1/2/MEK1/2, phospho-ERK1/2/ERK1/2, and phospho-c-Jun/c-Jun, were significantly decreased when asparagine endopeptidase (AEP) was decreased, which resulted in decreases in tumor invasion and metastasis [40] . Moreover, Lan et al. have demonstrated that cross-linked hyaluronic acid gels used to prevent postoperative intraperitoneal adhesion could have anti-tumor effects on GC by inhibiting the epidermal growth factor (EGF) -induced signaling of MAPK/ERK, PI3K/Akt, and Rac1 mediated pathways [41] . Similar to the MAPK signal pathway, Rho GTPases play pivotal roles in tumor progression by regulating tumor cell migration and invasion. Fujimoto et al. reported that PAR1 induced GC cells to become stem-like, inhibited yes-associated protein (YAP) phosphorylation, and increased YAP activity via Rho GTPase [42] . Pang et al. reported that thrombin-induced RhoA and Rac1 activation could be significantly inhibited by ALEX1 overexpression, which indicated that ALEX1 could inhibit tumor metastasis through the PAR-1/Rho GTPase signaling pathway [43] . The PI3K pathway plays pivotal roles in many essential cellular processes including cell growth, differentiation, invasion, metastasis, and resistance to chemotherapy [5] . Huang et al. suggested that gelsolin-PI3KAkt signaling was important for GC cell aggregation and may be a promising biomarker for the treatment of GC. Zhu et al. found that S-allylmercaptocysteine suppressed GC cell proliferation, induced cell apoptosis, inhibited the PI3K/Akt pathway, and suppressed tumor growth in SGC-7901 xenografts [44] .
Regarding another lncRNA, RP11-834C11.4, functional enrichment analyses showed that the genes in the lncRNA RP11-834C11.4-miRNA-mRNA network were also involved in the carcinogenesis of GC (Fig. 2F) .
Our findings suggested that lncRNA RP11-363E7.4 and lncRNA RP11-834C11.4, which had significant topological features, might exert important roles in the carcinogenesis of GC.
Based on the result of topological analyses, we further applied cluster analyses to investigate the functions of these two lncRNAs in the GCLMN. The cluster analyses for lncRNA RP11-834C11.4 is showed in Fig. 8A . The clustering between the lncRNAs and miRNAs is showed in Fig. 8B . We found that let-7, miR-590, miR-27, and the miR-133 family were involved in the subnetwork (Fig. 8C) . Studies have demonstrated that these miRNAs were highly related to GC [45] [46] [47] [48] . Regarding lncRNA RP11-363E7.4, the heatmap and the module network are shown in Fig. 8D and 8E, respectively. In Fig. 8F , we show that the miRNAs of the subnetwork were highly associated with GC. These results suggested that lncRNA RP11-834C11.4 and lncRNA RP11-363E7.4 played an important role in the the development of GC.
Random walk with restart analyses of a GC-related lncRNA-mRNA network
In our study, we performed a RWR algorithm analyses on a heterogeneous network using four validated cancer-related genes ("NOV," "KIT," "SP1," and "CLOCK") as seed nodes, prioritizing GC related genes. Because not all these genes are tightly associated with GC, a permutation test was also performed. After the 3, 000 times random walk with permutation, we identified two lncRNAs with p < 0.05. They were lncRNA RP11-613D13.8 and lncRNA RP11-363E7.4, and both were considered as potential regulators of GC. To further investigate the roles of the aforementioned lncRNAs, we constructed two sub-networks based on the lncRNA-miRNA-mRNA model (Fig. 9A, 9B) , and the role of these two lncRNAs was assessed, while examining neighboring miRNAs. As a result, we showed that lncRNA RP11-613D13.8 interacted with miR-491-5p. Sun et al. reported that the expression of miR-491-5p was downregulated in GC tissues. In addition, forced expression of miR-491-5p inhibited tumor proliferation, disrupted the cell cycle, and induced apoptosis in vitro and in vivo [49] . We also showed that lncRNA RP11-363E7.4 interacted with three miRNAs (miR-17-5p, miR-19b-3p, and miR-106a-5p), which were previously investigated in the reports of Xia et al., Zhang et al., and Qu et al. [22, 50, 51] . 
Confirmation of lncRNA RP11-363E7.4 using qPCR
To further confirm the expression levels of lncRNA RP11-363E7.4 in GC, we performed qPCR on five pairs of GC tissues and their corresponding non-cancerous tissues. The results showed that the expression level of lncRNA RP11-363E7.4 was decreased in GC tissues compared with that of the adjacent tissues. These data confirmed the microarray results, which indicated that lncRNA RP11-363E7.4 might be an important molecule in gastric carcinogenesis ( Fig. 10A and 10B) .
The prognostic value of LncRNA RP11-363E7. 4 In our study, the probe 227306_at could represent lncRNA RP11-363E7. 4 . To further evaluate the prognostic value of lncRNA RP11-363E7.4, we performed online KaplanMeier analyses of GC patients. High expression of lncRNA RP11-363E7.4 was found to be correlated to better overall survival (OS) for GC patients (p = 0.0019) (Fig. 11A) . Next, we investigated the correlation between lncRNA RP11-363E7.4 and other clinicopathological 
features, including clinical stages, pathological grade, lymph node metastasis status, HER2 status, Lauren classification, and different choices of treatments. Our results showed the high expression of lncRNA RP-11363E7.4 was associated with better OS regardless of the HER2 status, Lauren classification, and different treatments in GC patients (Fig. 11B-11G ). The increased expression of lncRNA RP-11363E7.4 was correlated with worse OS in stage I and stage IV, moderate differentiated-type, and lymphatic metastasis-negative GC patients (Fig.  12) . To testify whether lncRNA RP-11363E7.4 could be a useful biomarker for predicting OS in other cancers, we performed Kaplan-Meier analyses in breast cancer patients and lung cancer patients. The result showed it was decreased in these two cancers, and its high expression was correlated with better OS as well (Fig. 13) . These findings provide powerful evidence to support our qPCR results.
Discussion
Currently, ceRNA has become an accepted mechanism for lncRNAs functions [23] . The current hypothesis is that many types of RNA transcripts interact with each other through competitive binding to miRNA response elements [23] . However, few studies have reported the lncRNA-miRNA-mRNA regulatory mechanism in GC.
In this study, we investigated the molecular mechanism of GC by constructing lncRNAmiRNA-mRNA regulatory networks based on the ceRNA hypothesis. To accomplish this, a global triple network was constructed by combining differentially expressed lncRNAs and mRNAs. In the next step, we mapped the GC related lncRNAs into a triple network to 4 . When we performed the RWR to the GCLMN, two key regulators were also identified, lncRNA RP11-363E7.4 and lncRNA RP613D13. 8 . Surprisingly, we found that lncRNA PR11-363E7.4 appeared two times using different methods, which indicated lncRNA PR11-363E7.4 might be more important than the other lncRNAs in the pathogenesis of GC.
To further investigate these three lncRNAs (RP11-363E7.4, RP11-834C11.4, and RP613D13.8), we searched the literature and found one report on lncRNA RP11-363E7.4. Wang et al. reported that the expression level of lncRNA RP11-363E7.4 was elevated in cisplatin-treated HepG2 cells as assessed by microarray analyses, and finally confirmed with qPCR. Further experiments showed that lncRNA RP11-363E7.4 positively regulated CDKN1A, TP53I3 and PPM1D at the gene level [52] . In our study, we confirmed with qPCR that lncRNA RP-11363E7.4 had decreased expression in five GC tissues. Next, we analyzed the lncRNA RP-11363E7.4-related gene function and the corresponding pathway with GO and KEGG enrichment analyses. The results using GO biological process terms showed some important signal transduction pathways for cancers, which indicated these genes might be critical in tumorigenesis. The KEGG pathway analyses showed that lncRNA RP11-363E7.4 was mainly involved in the PI3K signaling pathway and in the regulation of the actin cytoskeleton. Both pathways have been validated by numerous studies of GC samples, indicating lncRNA RP11-363E7.4 may affect GC through these two pathways. When the GCLMN was extracted from the global triple network, we further analyzed this subnetwork and found three miRNAs (miR106a-5p, miR-17-5p, and miR-19b-3p) were closely associated with lncRNA RP11-363E7. 4 . Analyses of the literature revealed that these miRNAs (miR-17-5p, miR-19b-3p, and miR106a-5p) have been reported in GC, and have been shown to exhibit abnormal expression in GC tissues and have played roles in the development of GC. A study conducted by Qu et al. showed that miR-17-5p was highly expressed in six pairs of gastric tissues, and further experiments demonstrated that miR-17-5p promoted tumor proliferation and migration by negatively regulating TGFBR2. Zhang et al. showed that the expression of circulating miR-19b-3p in the plasma was beneficial for distinguishing normal from GC patients with different TNM stages and differentiation grades. Xia et al. reported that miR-106a-5p was highly expressed in GC tissues, and a more recent study demonstrated that the knockdown of miR-106a-5p in GC lines could effectively increase the expression of FER1L4 and PTEN at the mRNA levels. We discovered that additional protein coding genes in the miRNA-lncRNAmRNA regulators have been validated, which play key roles in GC, such as EREG, IGFBP7, NPR2, PDGFB, CLOCK, EIF5A2, and KAT2B, which are important in the regulation of the miR-17-5p/miR-106a-5p-RP11-363E7.4-gene. Based on the foregoing results, we speculated there may be a regulatory network that participates in the pathogenesis of GC to include lncRNA RP11-363E7.4-miR-106a-5p-mRNA, lncRNA RP11-363E7.4-miR-17-5p-mRNA, and lncRNA RP11-363E7.4-miR-19b-3p-mRNA. However, the specific mechanism of these new regulatory networks must be validated in vitro and in vivo.
We found no reported studies on lncRNA RP11-834C11.4, therefore, the expression and mechanism of lncRNA RP11-834C11.4 in GC remain unclear. Based on the ceRNA hypothesis, we therefore further investigated the lncRNA RP11-834C11.4 neighbor mRNAs. By searching for the miRNAs related to lncRNA RP11-834C11.4, we found miR133b was not only related to GC, but was also associated with lncRNA RP11-834C11.4. A study by Yang et al. showed that the expression levels of miR-133b were downregulated in GC tissues and cells, and this significantly inhibited the proliferation, metastasis, and invasion of GC cells by targeting FBN1 [29] . Thus, we speculated that lncRNA RP11-834C11.4 participated in GC through competitive interactions with miR133b, leading to low expression of miR-133b, followed by the upregulation of FBN1. Further investigations of the regulatory relationships among lncRNA RP11-834C11.4, miR133b, and FBN1 are necessary.
Similar to the lncRNA RP11-834C11.4, there are also no reports regarding lncRNA RP11-613D13.8, therefore its functions in GC remain unknown. In Fig. 11B , we show the close relationship between lncRNA RP11-613D13.8 and miR491-5p. Previous studies regarding miR-491-5p have demonstrated that it played an important role in different cancers, including GC [49, [53] [54] [55] [56] , and could also have critical roles in a variety of cellular processes, including cell proliferation, tumor metastasis, tumor invasion, cell apoptosis, and the cell cycle. Sun et al. reported that the expression of miR-491-5p was markedly downregulated in GC, which inhibited cell proliferation by disrupting the cell cycle and promoting apoptosis in GC cells via targeting Wnt3a [49] . Thus, we speculate that lncRNA RP11-613D13.8 regulates its corresponding miRNA (miR491-5p) and targeted mRNAs through the ceRNA mechanism as hypothesized previously. Further investigation both in vitro and in vivo are required to determine the exact mechanisms of lncRNA RP11-613D13.8.
Recently, Xia and colleagues (2014) performed lncRNA microarray analyses and mRNA expression profiles with six samples of GC, and constructed a miRNA-lncRNA-mRNA triple interaction network, which helped identify eight lncRNAs (AC009499.1, GACAT1, GACAT3, H19, LINC00152, AP000288.2, FER1L4, and RP4-620F22.3) and nine miRNAs (miR-18a-5p, miR-18b-5p, miR-19a-3p, miR-20b-5p, miR-106a-5p, miR-106b-5p, miR-31-5p, miR-139-5p, and miR-195-5p) significantly associated with multiple cancer types, including GC. Although our work did not share the same risk as the lncRNAs induced by the heterogeneity of the lncRNA reference data, both studies determined that miR-19a-3p, miR-20b-5p, miR-106a-5p, and miR-106b-5p were significantly associated with GC by different annotated processes. The straight annotation method used by Xia and colleagues and the re-annotation method used in this study can be considered complementary research strategies in the identification of lncRNAs linked to GC risk and the potential regulatory mechanism.
Although we have provided an effective approach for discovering crucial GC-related lncRNAs and identifying a novel regulatory mechanism through the network, some limitations exist in our study. The present study was a reannotation, and we could not cover all lncRNAs. There were 3, 400 lncRNAs obtained after reannotation, but many "hot" lncRNAs were not screened in this network, including MALTA1 [57, 58] , HOTAIR [59] , MEG3 [60] , and H19 [8, 61] . Our future studies will focus on amplifying the samples and concentrate on collecting the experimental evidence to validate our ceRNA hypothesis. Finally, our results could be improved by including more complete expression data for lncRNAs and mRNAs in GC.
Taken together, our study has successfully identified crucial lncRNAs in GC by bioinformatics analyses. The regulatory network we have provided may suggest a new approach to lncRNA studies in GC, and may identify useful therapeutic targets for GC in the future.
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